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GOMFLETE SPECIFICATION 
Improvemento in or relating to the Steering {Syetem of a Vdiide 



We, Marshall Sons & Company 
LiMTTHD^ a British Company, of Britanma 
Works, Gainsborough^ Lincobshire, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, and 
the method by which it is to be peifonned, 
to be particularly described in and by the fid- 
lowing statement: — 
The present invention relates to an im- 

10 inroved steering system for a vehicle' of the 
kind comprising a differential gear having a 
pair of half-shafts driving ground-engaging 
members (i.e. tracks or wl^eLs) and in which 
steering is effected^ or assisted, by enforcing a- 

15 difference in velocity of the two haff-shafts 
relative to the body of the vehicle. For the 
sake of simplicity in the ensuing description 
and claims a vehicle of this kind will be re- 
fered to as a tractor. 

20 One known type of tractor has two inde- 
pendently-operated brakes which are adapted 
to brake said half-shafts for the purpose of 
steering, or assisting ±e steering, of the trac- 
tor. The differential gear in this known 

25 tractor divides the torque equally between the 
ground-engaging member or members driven 
by one of the half-shafts and the ground-enga- 
ging member or members driven by the other 
half-shaft. Consequently, when one of the 

30 steering brakes is applied to Io<^ the ground- 
engaging member or members, driven by one 
of the half-shafts, the ground-engaging mem- 
ber or members driven by the ipbraked half- 
shaft is, or are, driven at twice the speed 

35 existing immediately prior to the application 
of the brake, but with no increase m torque. 
This is a disadvantage since the added resis- 
tance to the slcwmg of die tractor is usually 
very heavy, which means that the engine will 

40 labour or even stall. A known means to 
reduce this effect is the "geared " or 
"Qetrac" type differential, in which a full 
application of a steering brake results not in 
a complete stopping of a~ half-shaft, but in 

45 causing it to rotate more slowly, and the other 

^ half-shaft correspondingly faster. This, how- 



ever, makes it impossible, to turn .SmpLy in 
confined spaces. 

The present invention provides a steering 
system for a tractor whidi ensures that amjde . 
driving torque is always available far turns, 
whilst the ability to nrake ^tiarp turns by 
compdetely kKking one ground-engaging . 
member is not sacrificed. Tbis implies the 
use of the simfdest t^e of differential, but 
the invention is ai^mcaUe also to vehicles 
provided with the "geared" or "Oetiac" 
differential, althoup^ the advantages gained 
from such a combination are less prcmiinenL 

According to the invention a steering system 
for a tractor of the kind hereinbefore speci- 
fied and having steering brakes acting inde- 
pendentiy to ^orce said difference in velo- 
city of ±e two half-shafts, comprises means for 
lowering automatically the overall ratio of the 
change speed transmission upon application of 
a steering brake in order to meet die increased 
requirement for output torque jffcscntcd by 
the change in direction of travel 

One form of steering system in accordance 
with the invention will now be describsd by 
way of example with reference to the acom- 
panying drawings, in whidi 

Fig. 1 is a schematic side view of part 
of the transmission and steering systems of a 
track-laying tractor, and 

Fig. 2 is a plan corresponding to Fig: 1. 

Refeiring to the drawings^ the tractor 
transmission system comprises a variable- 
dispjlacement pump 1> directiy driven by an 
engine (not ^wn), which pump is con- 
nected to a hydraulic motor 2 via pipe fines 
3 and 4. The overall ratio of the transmission 
is controlled in known manner by altering the 
tilt angle of the pump 1 by means of a control 
lever 5 and a rod 6. The lever 5 is pivotaily 
mounted on a shaft 7 whilst one end of the 
rod is pivotaily connected at 8 to the pump 1. 
The end of rod 6 remote from the pumj> 1 is 
pivotaily connected at 9 to a block 10 whfch is 
slidably mounted in a slot IT in the lever 5. 
The axis of the slot 11 passes through the 
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asis of shaft 7 and the block 10 is urged to- 
wards the lower extremity of die slot by a 
spring 12. The lever S may pivot about the 
axis 7 between limit positions defined by die 

. 5 lines A and B in Fig. 1. When not being actu* 
ated by the driver the lever 5 is held fixed by 
a spring loaded pawl 13 engaging a fine- 
toomed quadrant 14. The pawl 13 may be 
released trom the quadrant 14 by a handle 

lb 15 pivotally mounted on the lever 5, The 
neutral posidon of the transmission system is 
obtained witix the lever 5 substantially verti- 
cal (i.e, lying along the line C), Forward 
and reverse movements of the traaor are 

15 obtained by moving die layer 5 in the direction 
of the arrows D and respectively, the over- 
all ratio of the transmission increasing as die 
lever 5 moves away from the line C 
Steering of the tractor is effected by steering 

20 levers 16 and 16a which operate brake bands 
17 and 17a through steering rods 18 and ISa, 
respectively. In the drawings the barais 17 
and 17a are shown in their **off '* positions. 
Movement of the levers 16 and I63 in the 

25 direction of the arrow F causes the bands 17 
and 17a to bs applied to brake drums 19 and 
19a, respectively. The lattea: are splined to 
the half shafts 20 and 20a, respectively, of the 
usual diffeienrial gear 21. The half shafts 20 

30 and 20a carry pinions 22 and 22a, respectivdy, 
forming part of the final drives to die tracks 
(not shown) of the traaor. The crown wheel 
23 of the diuerential gear 21 is driven by a 
pinion 24 splined to the shaft 25 of ±e motor 

35 2. 

The rod 6 is provided with a pad 26 against 
the imderside of which cranked portions 27 
and 27a of the steering levers 16 and locfj res- 
pectively, bear. Movement cf either of the 

40 steering levers 16 and 16a from ±e positions 
. shown in ±e drawings in the direction of the 
arrow F, to steer the tractor, will cause the pad 
26 to rise under the influence of the cranked 
portion 27 or 27a. This upward movement of 

45 the pad 26 forces the bloc^ 1& upwacdly in 
the slot 11 and therefore automatically reduces 
the overall ratio of the transmission system by 
reducing the tilt angle of the pump 1. 
Actuation of the control lever 5 does not 

50 affect the steering, and the ratio by which 
die tilt angle of the pump 1 is reduced by 
actuation of the lever 16 cr I63 is substantially 
independent of the absolute value cf the tilt 
angle, both for forward or reverse movement 

55 of the tractor. In. other words the propor- 
tional lowering of the transmission ratio 
effected by actuation of a steering brake is 
substantially constant urespective of the 
overall transmission ratio existing immediately 



prior to the actuation of die steering brake. 60 
Of course, if desired, the ratio by whidi the 
tilt angle of the pump 1 is reduced by actu- 
ation of the lever 16 or 16a, could be made 
to have dijfereut value in different positions of 
the lever 5 by suitably shaping the slot 11. 65 

It will, of course, be appreciated that the 
accompaning drawings are purely sdiematic 
and that any hydraulic auxiliaries, such as 
servo-mechanisms, that may be required to 
reduce the driver's effort have been omitted 70 
for the sake of clarity. 

Again, although vxc invention has been 
described in detail above widi rrference to 
a tractor having a substantially infinitely- 
variable transmission system, the inveoticHi 75 
may also be applied to traaors having gear- 
boxes providing a few fixed ratios provided 
that the transition between these ratios can 
be achieved continuously without passing 
dirough a declutching (zero torque) phase. 80 
For example the transmission system may 
comprise an epicydic gearbox witii suitably 
overlapping friction bands. In this case each 
time a steering operation is made a lower 
gear ratio is selected in the gearbox. 85 

WHAT WE CLAIM IS:--- 

L A steering system for a tractor of die Knd 
hereinbefore specified and having steering 
brakes actiag independendy to enforce said 
difference in velocity of the two half-shafts, 90 
comprising means for lowering automatically 
the overall ratio of the change speed transmis- 
sion upon application of a steering brake in 
order to meet the increased requirement for 
output torque presented by the change in 95 
direction of traveL 

2. A steermg system as claimed in Qaim 
1 for a tractor having a substantially infinitely 
variable change-specd transmission, in which 

the proportional lowering of the tran»nissicin 100 
ratio Cifected by actuation of a steering \xakc 
is substanriall3r constant irrespective of the 
overall transmission ratio existing immedia- 
tely prior tp the actuation of the steering brake. 

3. A steering system as claimed in Qaim 1 105 
for a tractor having a gearbox enabling cer- 
tain fixed gear ratios to be selected without 
interrupting the tractive effort, in which actu- 
ation of said steering brake causes a lower gear 
ratio to be selected in said gearbox. no 

4. A steering system for a tractor con- 
structed and arranged substantially as herein 
described and as shown in the accompanying 
drawings. 

J. Y. & G. W. JOHNSON, 
Chartered Patent Agents, 
47, Lincoln's Inn Fields, 
London, W.C2. 
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